nitial results of our study group with an intraocular femtosecond laser (LenSx laser system; Alcon LenSx Inc, Aliso Viejo, California) used during phacoemulsification have demonstrated higher precision and safety of capsulorrhexis and reduced phacoemulsifi cation power in porcine and human eyes as compared to traditional techniques.
nitial results of our study group with an intraocular femtosecond laser (LenSx laser system; Alcon LenSx Inc, Aliso Viejo, California) used during phacoemulsification have demonstrated higher precision and safety of capsulorrhexis and reduced phacoemulsifi cation power in porcine and human eyes as compared to traditional techniques. 1 During the femtosecond laser procedure, a suction ring is applied to avoid eye movements and laser misdirection, exerting pressure on the pars plana region at the limbus. Previous experimental and clinical studies demonstrated that the application of the suction ring causes short but considerable fl uctuations (up to 40 mmHg in the LenSx technique) in intraocular pressure, 2 which can induce several changes in ocular structure-from the deterioration of goblet cells of the conjunctiva up to the retina. 3 During application of microkeratome suction in LASIK, a decrease in the lens thickness and an increase of the vitreous distance have been described, suggesting anterior traction on the posterior segment. 4 These alterations can cause posterior hyaloid detachment, transient choroidal circulation abnormalities, 5, 6 macular hemorrhage, 7 and optic atrophy. 8 On the other hand, phacoemulsifi cation itself may induce postoperative macular edema owing to its traumatic effect. Clinical cystoid macular edema is one of the most common complications, with a prevalence of 0.1% to 12.0%. 9, 10 Furthermore, studies using angiographic assessment have shown an incidence of subclinical perifoveal leakage up to 19% after cataract surgery. 11, 12 Recent studies using optical coherence tomography (OCT) also demonstrated that uncomplicated phacoemulsifi cation is followed by increase of the parafoveal retinal thickness, foveal volume, and volume of the entire macula. [13] [14] [15] [16] I ABSTRACT PURPOSE: To compare the effect of conventional and femtosecond laser-assisted (Alcon LenSx Inc) phacoemulsifi cation on the macula using optical coherence tomography (OCT).
METHODS:
Twenty eyes of 20 patients underwent uneventful cataract surgery in both study groups: femtosecond laser-assisted (laser group) and conventional phacoemulsifi cation (control group). Macular thickness and volume were evaluated by OCT preoperatively and 1 week and 1 month postoperatively. Primary outcomes were OCT retinal thickness in 3 macular areas and total macular volume at 1 week and 1 month postoperative. Secondary outcomes were changes in retinal thickness at 1 week and 1 month postoperatively, with respect to preoperative retinal thickness values and effective phacoemulsifi cation time.
RESULTS: Multivariable modeling of the effect of surgery on postoperative macular thickness showed significantly lower macular thickness in the inner retinal ring in the laser group after adjusting for age and preoperative thickness across the time course (P=.002). In the control group, the inner macular ring was signifi cantly thicker at 1 week (mean: 21 The purpose of this study was to evaluate effects of femtosecond laser-assisted cataract surgery on macular thickness to that of traditional phacoemulsifi cation using OCT measurements.
PATIENTS AND METHODS

PATIENTS
In this prospective study, femtosecond laser-assisted phacoemulsifi cation with the LenSx laser system was carried out in 20 eyes from 20 patients with cataract (laser group). Traditional phacoemulsifi cation was performed on 20 eyes from 20 additional patients with cataract (control group). Patients with previous ocular surgery, trauma, other ocular disease, and known macular alteration (patients with diabetic retinopathy or age-related macular degeneration) were excluded from the study.
The study was conducted in compliance with the Declaration of Helsinki, as well as with applicable country and local requirements regarding ethics committee/institutional review boards, informed consent, and other statutes or regulations regarding protection of the rights and welfare of human subjects participating in biomedical research.
SURGERY
All surgeries were performed by the same surgeon (Z.Z.N.) using the Accurus (Alcon Laboratories Inc, Ft Worth, Texas) phacoemulsifi cation machine.
After pupillary dilation and instillation of topical anesthetics or retrobulbar anesthesia, the following procedures were performed by the femtosecond laser system. The LenSx laser system uses a curved contact lens to applanate the cornea. The location of the crystalline lens surface is determined following applanation using OCT. A 4.5-mm diameter capsulotomy procedure was performed by scanning a cylindrical pattern starting at least 100 µm below the anterior capsule and ending at least 200 µm above the capsule. For lens fragmentation, a cross pattern was used to fragment the crystalline lens into four quadrants. The laser created a self-sealing biplanar corneal incision (2.8 mm) and a side-port incision (1.0 mm). Proprietary energy and spot separation parameters (lens fragmentation: 11-µJ spot and layer separation 8/6 µm; capsulotomy 13 µJ; and primary and secondary corneal incision 6-µJ spot separation 6 µm and layer separation 3 µm), which had been optimized in previous studies, were used (Fig 1) .
After femtolaser pretreatment, the patient was brought to the main operating room. The self-sealing corneal incisions were opened by a blunt spatula, and the anterior chamber was fi lled with viscoelastic material. The 4.5-mm diameter capsulotomy was identifi ed with a cystotome and the capsule as a whole was pulled out of the eye with rhexis forceps, followed by hydrodissection. The lens was divided into four quadrants with the aid of a chopper without using any phaco energy. The four lens quadrants were removed with traditional phacoemulsification technique. Surgery concluded with cortex removal and implantation of a one-piece, hydrophobic, acrylic, posterior chamber lens and the viscoelastic material was completely removed by irrigation-aspiration. In the laser group, no hydration of the corneal wound was necessary because of the self-sealing nature of the wound. In the traditional phacoemulsifi cation (control) group, the divide and conquer technique was used for lens fragmentation.
No intra-or postoperative complications occurred during any procedure. Within the fi rst 10 days, all patients used a combination of antibiotic and steroid eye drops (tobramycin and dexamethasone, Tobradex; Alcon Laboratories Inc) fi ve times daily. Nonsteriodal anti-infl ammatory drugs were not used.
OCT MEASUREMENTS
Optical coherence tomography measurements (Stratus OCT3; Carl Zeiss Meditec, Dublin, California) were performed 2 hours before surgery and postoperatively at 1 week and 1 month. Macular measurements were performed using the Early Treatment of Diabetic Retinopathy Study (ETDRS) macular mapping protocol, which consists of six individual line scans regularly arranged in a radial pattern with a scan length of 6 mm. Scans were performed using a default axial length (24.46 mm) and refractive error (right eye) for consistency with usual clinical practice. The scans were accepted if free of artifacts, and complete cross-sectional images were seen for all individual line scans. Retinal thickness was automatically determined by the instrument software as the distance between the internal limiting membrane and retinal pigment epithelium. 
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Measurements were provided for three concentric regions. The central disc (foveal region) was a region with a radius of 0.5 mm (CSMT), and the inner and outer rings had outer radii of 1.5 and 3 mm, respectively, and were divided into four quadrants. Average retinal thickness was provided for each of the nine regions, and total macular volume (TMV) was calculated by the software automatically from these data. Foveal thickness (FT) was measured by the software at the cutting point of the six individual line scans. The average retinal thicknesses of the four inner (inner macular ring AT) and the four outer segments (outer macular ring AT) were also calculated.
STATISTICAL ANALYSIS
Statistical analyses were performed with SPSS 15.0 software (SPSS Inc, Chicago, Illinois). Data are expressed as median with the corresponding interquartile range (IQR). For group comparisons, the Mann-Whitney U test was used. A P value Ͻ.05 was considered statistically signifi cant.
Multivariable regression analysis was performed to determine predictors of postoperative macular thickness 1 week and 1 month after surgery. Age and preoperative macular thickness values were incorporated as covariates into this repeated measures regression model to adjust for their effects on postoperative results. The effect of surgery on the foveal region thickness (CSMT and FT), inner and outer macular rings, and TMV was tested. The relationship between effective phaco time and retinal thickness changes were also evaluated. Effective phaco time was calculated by multiplying the total phaco time with the percentage of the power used. In the multivariable analyses, variables were kept in the models if they were associated with a P value Ͻ.05 and the overall fi t of the model improved.
RESULTS
PATIENT CHARACTERISTICS
The laser group comprised 12 (60%) women and 8 (40%) men with a mean age of 58.85Ϯ15.27 years (range: 23 to 75 years). The control group comprised 15 (75%) women and 5 (25%) men with a mean age of 66.85Ϯ11.77 years (range: 52 to 84 years). There were no signifi cant differences between the two groups regarding age (P=.53), refractive error (P=.95), axial length (P=.12), and effective phaco time (P=.94) ( Table 1) .
FUNCTIONAL RESULTS
In the laser group, median corrected distance visual acuity (CDVA) was 0.32Ϯ0.24 logMAR preoperatively and 0.16Ϯ0.27 logMAR at 1 week and 0.08Ϯ0.19 logMAR at 1 month after surgery. In the control group, median CDVA was 0.39Ϯ0.28 logMAR preoperatively and 0.08Ϯ0.16 logMAR 1 week and 0.02Ϯ0.06 logMAR 1 month postoperatively.
OCT PARAMETERS
Pre-and postoperative retinal thickness parameters in the laser and control groups are summarized in Table 2 .
Although differences between the two groups in terms of macular thickness parameters did not achieve statistical signifi cance, multivariable modeling of the effect of surgery on postoperative macular thickness showed signifi cantly lower macular thickness in the inner retinal ring in the laser group after adjusting for age and preoperative thickness across the time course (P=.002). In the control group, the inner macular ring was signifi cantly thicker at 1 week (mean: 21.68 µm; 95% confi dence limit [CL]: 11.93-31.44, PϽ.001). After 1 month this difference decreased to a mean of 17.56 µm (95% CL: Ϫ3.21-38.32, P=.09) and became marginally signifi cant (Table 3) . Type of surgery showed no statistically signifi cant effect on total macular volume, foveal thickness, and outer macular ring average thickness 1 week and 1 month postoperatively (PϾ.05, Table 2 ). Figure 2 shows the tendency of postoperative inner macular ring thickness in the two groups after adjusting for age and preoperative thickness. 
DISCUSSION
The incidence of subclinical macular edema after uneventful cataract surgery has become a safety issue for this frequent operation, as studies have found angiographic leakage up to 19% postoperatively 11, 12 and an increase of the perifoveal retinal thickness with OCT, which is detectable from the fi rst week up to 6 months and peaks 4 to 6 weeks after surgery, in pseudophakic eyes. 14, [16] [17] [18] In our study, we detected the same subclinical parafoveal edema in the control group at 1 week and 1 month postoperatively with a continuous increase. However, in the laser group at 1 week, the thickness of the inner macular ring did not change; a slight increase was only detectable at 1 month. Based on our results, it is unlikely that the suction ring used during the positioning of the femtosecond laser had any harmful effect on macular structure, as macular thickening was not observed in the laser group 1 week after surgery. The substantially lower vacuum level (up to 40 mmHg) compared to LASIK (up to 90 mmHg) used during this procedure could explain this difference.
The delayed detection of macular thickening is probably due to the long-term subclinical infl ammation triggered by intraocular tissue (iris) manipulation and mediated by prostaglandins in both groups. 19, 20 In concordance with previous reports, we did not fi nd any correlation between macular changes and ultrasound time, 21 suggesting that the blood-retinal barrier is more disrupted during the standard procedure than during femtosecond laser-assisted cataract surgery. The reduced manipulations of the anterior chamber during surgery may explain this phenomenon, which is our hypothesis for the difference found in postoperative macular edema.
Limitations of this study include a relatively small sample size and short follow-up period.
Our results suggest that both methods of cataract extraction are equally safe in terms of early macular thickness. Femtosecond laser-assisted cataract extraction resulted in signifi cantly less early macular thickening compared to the standard procedure, although the differences beyond 1 month are unknown. This early difference may be particularly advantageous in patients who are at more risk for developing postoperative cystoid macular edema such as those with uveitis or diabetic retinopathy, although larger studies with longer follow-up will be necessary to make any substantive conclusions. Further randomized controlled studies with larger cohorts that evaluate exclusively diabetic patients or other patients particularly at risk for postoperative cystoid macular edema are necessary. 
